DOCnUENT BESDtlE 



ED 085 024 



HE 004 922 



ADTUOB 
TITLE 

INSTITUTION 

PUB DATE 
NOTE 

EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Guthrie, Vallie ; Colquitt , Leroyr Jr, 

Analogue Experiences in Physical Science. Teaching 

Forum. 

Institute for Services to. Education # Washingtocr 

D.C, 

[73] 

7p. 

MF-$0.65 HC-$3,29 

Curriculum Development; ^Educational Programs; 
♦Higher Education; Interdisciplinary Approach; *Negro 
Education ; ^Physical Sciences; Sciences ; Student 
Centered Curriculum; Student Experience; *T,eaching 
Methods 

Institute for Services to Education; ISE; TCCP; 
♦Thirteen College Curriculum Program 



ABSTRACT 

For some time there h 
scientific and academic communities t 
to the growing ranks of apparently di 
concern is reflected in the developme 
science curricula on all educational 
Curriculum Program (TCCP) approach to 
widen the forms of mathematics and it 
natural/ though sometime unsophistica 
by students. The theme of this progra 
the program attempts to involve stude 
seven disciplines through first-hand 
with concrete examples and empiricall 
abstractions and generalizations. The 
oblivious to some of the artificial b 
have gained a greater appreciation fd 
among them. In this article an exampl 
class-activity- investigation concerni 
presented. The investigation concerns 
and contains basic laws of physics an 
the scientific method. (Author/PG) 



as been a concern in t 
o make science more me 
senchanted students. T 
nt of programs to reas 
levels. The Thirteen-C 

physical science has 
s applications to incl 
ted, schematic models 
m is stude^nt-centered 
nts in principles of e 
discovery. The student 
y develop from them re 

students have tended 
arriers between discip 
r the structural simil 
e of a 

ng a conservation law 

the study of a consen 
d many aspects of the 



he 

aningf ul 
^is 
sess 
pllege 
been to 
ude the 
developed 
teaching ; 
ach of 
s begin 
levant 
to become 
lines and 
arities 

is 

vation law 
nature of 



ERIC 



FILMED FROM BEST AVAILABLE COPY 



Analogue Experiences 
in Physical Science 



by Vallie Guthrie, 
North Carohna A & T 
State University 



oc O 



O «• ^ , a 

Uj I. ~" r; G Uj 

Q O a CI V 

i* o V : \j 



and Leroy Colquitt, Jr. 
Institute for Services 
to Education 



iU 5 
U; o 

i o J 3 0 o ^ 



ui X 



■. o Q o G .• 

g"^^- Quo 

^, a O uy O 
- Ui ^ 

r J r r *' 



Ch'dn^iu^ Patterns 

in Physical Science Education 

For sonu^tinic tlieru luis been a concern in the 
scientific and academic coninninities to make science 
more meaniujjjlul to the gnnving ranks oF apparent!)' 
disenchanted students. This concern is very poig- 
nantly rellected in tlie devek)|)nient of j)rojj;ranis to 
rejissess and restrncture science curricula on all edti- 
cational le\els. Perhai)S tlic greatest challenge in 
these efforts has been to create a course* for students 
not committed to majoring in science — some of whom 
njight come to major in the subject were it approached 
in a different fashion. A snrve\' of the physical 
science text books written on tliis wave of rcs])onse 
sliows that b\* and large tliere is one point of general 
agreement: the need to reduce the use of formal 
mathematics. This is an attempt to remove w^at is 
felt to be a major barrier to the non-science stuuent. 
nowcver, this 0|)cration is a delicate one. If too 
much of the substance of mathematics is removed, 
what remains may, be devoid of the sense of the 
method of science. Although the non-seience stu- 
dent often finds the language of mathematics unnatural, 
it is an essential |)art of the language of modern 
.science. It becomes necessary, therefore, to devise a 
temporary hmguage, usable by students and u.sable in 
scientific investigations, and so close the connnunica- 
tions gap. 

The Thirtcen-CoIIege 
Curriculum Program's Response 

Our aj)p roach to {physical science has been to widen 
the forms of mathematics and its applications to in- 
clude the natural, though sometimes un.sophisticated, 
schematic models developed b\' students. Once a stu- 
dent is comfortable in his own apj^roach to .science, 
he is more readily, amenable to accepting modification 
and dcvcloj:)ing his point of view. We impress upon 
our st\idcnts the awareness that there is no one way to 
view a problem nor an\' unique description of nature, 
although some are more economical and elegant than 
others. There need be no relation between the pro- 
^"fundity of a physical concept and the mathematics 



u.si»d to describe it. 'I'liere are importimt areas of 
physics and chemistry where the recjuisite inatlie- 
malics are .stiperbly simple. Calculus was \mknown 
to Calileo. ' 

One of the uni(iue features of our course is its 
setting. I( is one of .se\'en courses in the Thirleen- 
. College (Muriculmn Program. This is an inno\'ative 
acachvnic program in Liberal Arts for tht» Krc^shman 
and Sophomore years coordinated nationally by the 
l\istit\jte for Services to Kducation. The theme ()f the 
program is student-cent(»red teaching; the program 
attempts to invoK^e the student.s in ))rinciples of each 
of se\ en di.seiplines through first-hand di.scovery. The 
students begin with concrete examples, and de\-elop 
empirically from them relevant abstractions, and 
generalizations. This has been an effective method of 
teaching natm'al .sciences as well as the humanities. 
The students have been impressively responsive, and 
e\en in the earliest stages of the program there ha\-e 
Iceii nieasureable indications of success, 

I'Trm a plusical sei'vitists point of view, this program 
of insiruction provides a re-inforcement of the uni- 
versal !itility of the .scientific method. In addition, 
the students have tended to become oblivious to .some 
of the artificial barriers between disciplines and havr 
gained a greater appreciation for the structural .similari- 
ties among them. Consequently, he then finds it 
easier to develop inter-diseiplinary connections that 
allow an economy of thought in coordinating diverse 
ini-ormation and may more easily generate his own 
integrated world view. In an attempt to teach 
"relevant" science in an age of information e.\*pk)sions 
antl planned ob.solescence, the method is die mes.sage. 

In implementing our approach we have found it 
neces.sary to utilize a number of teaching techniques 
antl kinds of experiments to deal with varied l)ack- 
grounds and ability levels of our students. One of 
these is the frecpient use of elas.s-activity-investigations 
where the entire class participates in an experiment 
that is. coordinated by die teacher. In this way we 
can establish basic ideas and models of scientific pro- 
cedure at an early stage in the course without stifling 
initiative. In this article we present an example of this 
kind of activ ity. It concerns the study of a conservation 
law, and it is .so straight- forward that it almost appears 
siinj^listic. Yet it contains so many basic laws of 
l)li\sics' and reveals .so many aspects of the nature of 
the .scientific method that it may be referred t<^ at 
.successive levels of .sophistication throughout the 
course A conij^lete an a ly. sis of this experiment re- 
quires use of conservation of energy and momentum 
as well as a third princij)le of conservation. 

Open-ended Experiments — 
A Setting Where Ideas Flow 

This experiment on a conservation law is designed 
to involve the student in the discovery process of 
.science as early as possible. It is easily used during 
the first or second lectures to introduee the scientific 
method. At the same time ft introduces the student 
to an important physical concept that he may discover 
with a minimum of mathematical skills; he need only 
covint small integers. 
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riie important roalmcs of tliis cNperinicnt au*: 

1 . It has a liigli pr()l)al)ilily of success for the student. 

2. The student has an opj)ortunity to develo|) his 
own uuithenuitical (schematic) huiguage and he 
bi'^ins to yet used to drawing j)ictures to facili- 
tate the intuitive process. An iui[)()rtant scientific 
habit. 

'Phe experiment is easily extended and leads 
naturally into several other basic physics ex- 
I)eriments and motions, vi/., 

(a) conservation of momentum 

(b) coriserx'ation of ener^' 

(c) simple pendulum motioti. 
'i'he student is able to make simple li>'potheses 
and then check his [)i'edictions by immediate 
appeal to .s'imple experimentation. 
It's just plain fun. 

*i*he sole apparatus used for this experiment is one 
oF the connnercinllv' made "executive toys" that con- 
tain five or more polished steel balls suspended in 
well-aligned contact. Although nn)st physics apparatus 
rooms contain versions (if this up])aratus, they are rarcK' 
as friction free as these commercial devices. This is a 
crucial feature in maintaining the high apj^eal of the 
persistant periodic collision patterns. 

The experiment may be organi/ed so that each 
small gnnip of aj)pro.ximately four .students have one 
device to study. To begin, ask the students to i)lay 
with the device in an attempt to try to observe a 
pattern or some order in its behavior. In order to make 
this a constructive kind of inlaying, ask the students 
to record a complete description of what they t)bser\'e. 
After about 10 minutes organize die class and ask for 
some descriptions of what the>' ha\'e found, writing 
some composite chiss results on the board. Student 
responses are usually varied at this point, ranging from 
poetic statements about tlie rhydmiic patterns of 
motion to statements alleging observation of con- 
servation of energy. 

In order to demonstrate the value of a systematic 
in\'estigation we proceed to the ne.vt phase of the 
experiment. Specific instructions are given for all of 
die students to follow in performing a well-defined 
.simultaneous experiment. Starting with all of the balJs 
motionless, raise one ball from the end about two 
inches from the rest and release it, allowing it to 
swing freely into the others. Next, ask each student 
to write a complete description of what he observes 
(repeating the experiment us often as necessary). 
.The descripdon should be sufficiently detailed so dmt 
a person who has not seen the ex]*:)eriment may read die 
description and be able to visualize the esHenikd 
features of the experiment. After this is done a class 
composite statement is written on the board and 
general agreement is reached on the accuracy of the 
dcjscription. A .shorter version ot the statement that 
- results is, 'Vhen one ball is lifted 2 inches away 
from the rest and allowed to swing into the others 
that are at rest, that ball hits and then remains still 
while the ball on the opposite end moves up away 
from the odiers at a distance of about 2 inches." 
The teacher may then use this, as an opportunity to 
^"^j the students the importance of preci.se 
'"curate statements to a scientific investigation. 
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The nevoloi>ment of a 
Schematic Language 

.'\fter the cla.ss reaches a general agreenuMit on tlu» 
(lescription of the first experiment, explain to the 
sl\idcnls Uiat there are a do/en more ex|)eriuuMit'.' that 
we need to perform in order to coujplete Our itudy. 
(The jirospcti ol ha\ing to write twent\' more :ong 
paragraphs is usualK* sufficiently Ihreateniug that the 
sti'detits are eager to get iu\*ol\'ed in the next aspt»ct- 
of the exi)erinient.) For the sake of bre\*it\' each 
student is asked to attempt to develop a tuiti-writtcn. 
pictorial language of his own that will acIecpiateK* 
describe the experiments to be performed. As a test 
of the validity of the hmguage ask the students to try 
to capture schematically imj)ortaiit features of the 
written description of the experiment already 
performed. 

As a response to this there are generally a range of 
schematic models. Out ()f. the class the teacher might 
select two students to put their diagrams on the board. 
The I olio wing two rej)resentations are typical of such 
diagrams: 
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After tho (wo roj)rosenlati()ns are j)rcsontt'd on the 
hoard it is holpliil for the teacher to note simihirities 
and differoiiees between the two seheines. At this 
point we nia\* then l)ei^in to use the language deN'eloped 
by the stnchMits to. pose (|nestions. 

l'*or the next experiment we '*ask" the students 
th(^ following schematic cjuestion: 
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At this point it is appropriate to ask if a pattern is 
ev ident. After a series of experiments of this type we 
can expect, the students to gi\-e a \-erbal iicncmUzalion 
of the fact that *'if one ball swings down, ()ne ball will 
swing up no matter how man\* balls are in the center." 
Similarly wo would then ask still more Cjuestions. 
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That is/*what will hai)j)en if two balls in contact are 
lifted awa\' from the rest imd allowed to swing into 
the others sinuiltaneousl)*?" We can then sjlcct a stu- 
dent to give his written answer on the board, after 
which we test the students* hypothesis by performing 
the exj)eriment. 

In a sirmlar fashion we proceed to ask the additional 
(1 nest ions: 
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A General Pattern Emerges 

After the experiences with the first set of experiments, 
the students are able to generalize a statement of these 
new results. Ideally, "If two balls drop down, two 
balls swing up, no matter how many are at rci^t." At 
that point we can ask for a generalization for the 
case when any number of balls swing down. 

Next we pose the following more complicated 
question: 




luitial inrf.stiiiulious arc uiianlrd. 
What irill h(i})))('ii if otii' hall is pullrd 
hai k and rrlrusrd? 
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The icdchcv }('('(} rd.s rcsftlts and 
llircc halls arc rclru.scd [rojn our .vfrir? 
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f'Voin Quasi 10) Ls hts/cad of Ansiairs, 
a Ifinmi filrn In' Paul I'^rotindlicli on 
the 1969 Siiiiiniei' Conference of the 
'I'hirtecn-Collc.uie Cnrriculinn IVograiii, 
i'3nlar^enietUs by James Kurluiig. 
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'I'luTc is nsuull\' ii controversy on this ]X)int us the 

answer cannot be deduced from the results of the 

other experiments; thus, we hiive to iippeiil to ex- 
]:>erinientation a^ain. 

By this time most students are able to give the cor- 
rect .t^enerali/ation of this exi:>eriment. If not, ask 
the following (jues.tions: 
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Once this generalized statement has been arrived at, 
encourage . students to apply several more tests to 
verify it. 
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Once the students have arrived at a correct statement 
of the general principle, it is useful for future reference 
to have the teacher identify it as a conservation law, 
and describe it in a modification of their own mathe- 
matical language, as follows: ■ \ 



Physical Patterns \ 
and. Universal Laws 

As a final step in the experimqnt a small — ahnost 
infinitely small compared to the balls— piece of putty 
is phiced between two balls near the center of the 
point of contact. It is important to emphasize that 
the weight of the putty is a negligible contribution to 
the system. Now we ask a question about this 
infinitesimally perturbed system. 
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answer is \*i'r\* unsx'iiiiiietricul niitl unfaiiiiliar. 
Tlic (juestion iininoiliatcly arises, 'Mlow canone sinall 
pioco of putty dystroy s\icli a hcaiitilully simple and 
syniinetrieal relation? An? the laws of physics so 
capricious?" These are (juestions that we are able 
to answer as we learn to put the laws of physics in a 
more general form. Students are usually temporarily 



pacified with the iinswer, "We will learn that the 
symmetr\' and simplicit\' of behaN'ior is still present; 
we only have to learn what point of view wo neeil to 
adopt in order to see it. In this ease we need to learn 
to count another {|\iiintit\* to recognize* the more general 
conservation law. of which our derived law is a 
special case." 
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"Man and His Creative Awareness," developed by 
the Institnte for Services to Edncation in (>6njnnction 
with the Thirteen-College Cnrricnlnni Program, is a 
course which deals with the many asiw:ts of human 
ereativity: music, the visual arts, literature, poetry, 
drama, architecture, photography/^ and tlie film. 
Traditionally, Humanites. courses ^^lave dealt almost, 
entirely with Westeni Civili'/a'.ion and the "Great 
Works'* of that tradition. ' CerJ^inly this heritage is 
iniix)rtant to the course, but th^ ISE- TCCP approach 
to Humanities is to include upt only the major works 
of Western Civilization, but to explore also the art, 
music, -drama, and folklore in the immediate en- 
vironment of the students, the contemporary status of 
all the arts in this country, and the creativity in some 
• non-Western societies, particularly Africa. Emphasis 
is on the creative process as well as the resultant 
^ )f art. The student not only assesses the works 




of others, but also experiments in his own expression 
in various media. Thus the student lias an opportunity 
to feel what an artist experiences in creating a painting, 
writing a play, poem or short story, or making a movie 
or a series o.f slides. 

Matericls and ecjuipment needed to work in each 
of these areas are made available, The student is free 
to \y6rk with paints, clay, or paper, movie or still 
cameras, or tape recorders. • The projects are pre- 
sented in class with the student explaining the process, 
that he went through to complete his project. Students 
are involved as nnich as possible in the input in class, 
^rhey are challenged to do research in areas and to 
present their results in class and lead discussions about 
their findings and conclusions. 

The subject matter covered is a result of the concerns 
of both the students and the instructors. It- is ini- 
:)ortant that a wide range of subjects be explored— 
\\sual arts, drama, literature, nuisic — so that an under- 
nding can be gained of how each one satisfies man's 
creative urges. The.se are studied in several cultural 
arciiK and historical periods in order to enhance the 
stnd^ait.s' understanding of both the development of 
art aiid its interrelationships with culture and society. 

The\subject matter used, the projects done, the class 
discussions held, are all means to the desired end of 
creating in the student a critical judgement of, and 
enthusiasm for, the creative genius of mankind. It is 
hoped that this will challenge him to go beyond the 
classroom with a developed ability to interpret in a 
sophisticated manner this creativity. And at the 
.same time, this critical judgement should help him to 
understand and improve his own expression in writing 
and speaking, as well as perhaps help him to discover 
in himself a talent in some other form of expression. 



